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Abstract
Background
Persons with diabetes have increased risk of depression, however, studies addressing
whether the risk varies by age and type of antidiabetic treatment have yielded conflicting re-
sults. The aim of this study was to investigate if the association between diabetes and de-
pression varied by type of antidiabetic treatment in a large community based sample of
middle-aged (40–47 years) and older adults (70–72 years).
Methods
Data from 21845 participants in the Hordaland Health Study (HUSK) were analyzed in a
cross-sectional design. Diabetes was assessed by self-report and classified as un-medicat-
ed, treated by oral antidiabetic agents or by insulin. Depression was defined as a score8
on the depression subscale of the Hospital Anxiety and Depression Scale and/or self-re-
ported use of antidepressant agents. Associations between diabetes and depression were
estimated using logistic regression.
Results
Persons in their forties with diabetes had a doubled prevalence of depression (OR: 1.96 (95%
C.I.: 1.35, 2.83)) compared to persons without diabetes, while a lower and non-significant as-
sociation was found among persons in their seventies. Persons in their forties with orally treat-
ed diabetes had about three times higher prevalence of depression (OR: 2.92 (95% C.I.:
1.48, 5.77)) after adjustment for gender, BMI, physical activity, alcohol consumption and
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education, compared to non-diabetic persons in the same age-group. No association be-
tween depression and insulin or un-medicated diabetes was found.
Conclusions
Clinicians should be aware that persons in their forties with orally treated diabetes are at a
marked increased risk of depression.
Introduction
Both depression and diabetes are prevalent and chronic diseases which negatively impact quali-
ty of life. The World Mental Health study reported a lifetime prevalence of major depressive
disorders of about 15% in high-income countries [1], while the International Diabetes Federa-
tion estimates the prevalence of diabetes worldwide to exceed 8% [2]. Major depressive disor-
der is the third leading cause of disability adjusted life years (DALYS) in Norway, while
diabetes is ranked as the seventh most important cause [3]. Both symptoms of depression and
depressive disorders are prevalent among persons with diabetes. Compared to the non-diabetic
population, depression has been found to be about twice as prevalent in individuals with both
type 1 [4] and type 2 [5] diabetes. The World Mental Health Survey assessing psychiatric diag-
noses using a structured diagnostic interview found an OR of 1.38 (95% CI: 1.15, 1.66) for
major depression among persons with diabetes compared to persons without diabetes in an un-
selected worldwide sample of about 85000 persons [6].
It is well established that comorbid depression increases the risk of adverse outcomes
among persons with diabetes. Compared to persons with only diabetes, those with both diabe-
tes and depression have poorer quality of life [7], self-care and adherence to medical regimens
[8–9], higher risk of complications [10] and 50% increased mortality [11]. Despite the high
prevalence and great impact of comorbid depression in persons with diabetes, few studies have
addressed whether the risk of depression varies by type of treatment, and the results are con-
flicting [12–14]. Increased risk of depression among persons with type 2 diabetes has been
found exclusively for those using antidiabetic agents [12], for those not using antidiabetic
agents [14] and irrespective of use of antidiabetic agents [13,15]. Further, a recent systematic
review of the epidemiology of depression and diabetes concludes that the relationship between
age and risk of depression in people with diabetes remains complex and needs further investi-
gation [16]. While information on how these diseases coexist in the population is desirable to
help clinicians detect and target interventions for depression among individuals with diabetes,
some argue that exploration of psychiatric-somatic comorbidity also contribute to improved
understanding of the pathophysiology and biologic treatment of psychiatric disorders [17].
The aim of this study was to investigate if the association between diabetes and depression
varied by type of antidiabetic treatment in a large community based sample of middle-aged
and older adults.
Materials and Methods
Participants and data collection
Data in the present study were derived from the community based Hordaland Health Study
(HUSK) conducted in western Norway during 1997–1999. HUSK was a collaboration between
the National Health Screening Service, the University of Bergen and local health services. All
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individuals born 1953–57 who resided in Hordaland County on December 31, 1997 were invit-
ed to participate (N = 29400). In addition, 4849 persons born 1950–51 and 4338 persons born
1925–27, who had participated in a previous health study (the Hordaland Homocysteine
study) in 1992–1993, were invited. While 63% of persons born 1953–57 participated, the par-
ticipation rate in both the 1950–1951 and 1925–27 cohorts were 77%. The final sample of eligi-
ble HUSK participants consisted of 25532 persons.
Data collection was conducted in three steps, consisting of two sets of questionnaires and
one brief physical health examination. The first questionnaire was included with a mailed per-
sonal invitation to take part in the study. This questionnaire was returned at the health exami-
nation, at which height and weight were measured. Participants were then given a second
questionnaire to be returned by mail in a prepaid envelope.
Included in the present study were persons who attended the examination and completed
both questionnaires. Persons without valid responses on questions about symptoms of depres-
sion defined as responding to 4 or fewer of the 7 items included in the depression subscale on
the Hospital Anxiety and Depression Scale (HADS-d), were excluded (n = 3671 (14.4%)). We
further excluded 16 persons (0.1%) who reported a history of all six somatic conditions as-
sessed in the first questionnaire (infarction, angina, stroke, diabetes, asthma and multiple scle-
rosis), as these persons were assumed to have misinterpreted the form. The final analysis
sample for the present study consisted of 21845 persons, 85.6% of the total number of HUSK
participants. Of these, 18948 were 40–47 years and 2897 were 70–72 years.
Measures
Diabetes. Presence of diabetes was assessed with the item “have you, or have you had dia-
betes”. Persons answering affirmative were further classified according to type of antidiabetic
treatment as 1) un-medicated diabetes (no use of antidiabetic agents), 2) orally treated diabetes
(with or without use of insulin) and 3) insulin treated diabetes (and no oral antidiabetic
agents). Antidiabetic agents were defined according to the 1997 anatomical therapeutic chemi-
cal (ATC) classification system and included all agents categorized under A10A (insulins),
A10B (metformin, glibenklamid, klorpropramid, blipizid and glucobay) and AX2 (glimeperid).
The sensitivity and specificity of self-reported diabetes has been shown to range from 58.5% to
70.8% and 95.6% to 96.8% respectively, depending on the diagnostic criteria applied for diabe-
tes [18].
Depression. Two measures of depression were used in the present study: 1) symptoms of
depression during the last week assessed by HADS-d and 2) self-reported use of antidepressant
agents the day before completing the first questionnaire. HADS consists of 14 four-point
Likert-scaled items, 7 measuring symptoms of depression (HADS-d) and 7 measuring anxiety
(HADS-a). A higher score indicates a higher symptom burden. HADS was originally designed
for symptom screening in hospital settings, and excludes items that may be attributed to so-
matic illness to reduce the likelihood of false-positive cases among individuals with somatic
diseases. HADS is also considered a valid case-finding instrument of both depression and anxi-
ety in the general population [19]. HADS-d was used as a dichotomous variable with cut-off
level of8 for “caseness of depression”, which has been shown to yield a sensitivity and speci-
ficity of about 0.8 each [19]. To avoid misclassification of persons with recent depression now
in remission due to treatment, we also classified persons reporting use of antidepressant agents
the day before completing the questionnaire as depressed. Antidepressant agents were defined
according to the 1997 ATC-classification system, and encompassed all agents categorized
under N06A (including tricyclic and tetracyclic antidepressant agents, SSRI) and NX5 (SNRI).
Depression in Diabetes by Age
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Three depression variables were computed based on the two depression measures: 1)
HADS-d8 (reference group: HADS-d<8), 2) use of antidepressant agents (reference group:
no use of antidepressant agents) and 3) HADS-d8 and/or use of antidepressant agents (refer-
ence group: HADS-d<8 and no use of antidepressant agents).
Possible confounders. For a factor to be a confounder in the association between diabetes
and depression, it needs to be associated with both conditions and further not expected to be
on the causal pathway between them. Based on previous knowledge [13,20–21], we a priori se-
lected musculoskeletal pain, smoking, body mass index (BMI), physical activity, alcohol con-
sumption, education and cohabiting as possible confounders. Weight (in kilograms) and
height (in meters) were measured at the health examination, while self-reported information
on other variables included in this study was obtained from the questionnaires. Musculoskele-
tal pain was defined as a history of painful and/or stiff muscles or joints of at least 3 months du-
ration during the last 12 months. Smoking was categorized as “never”, “former” and “current”.
Body mass index (BMI) was calculated as weight (kg)/height (m)2, and categorized as under-
weight (19.9), normal, (20.0–24.9), overweight (25.0–29.9) and obese (30). Information on
light physical activity (no sweating or getting out of breath) and hard physical activity (sweat-
ing or getting out of breath) was reported as hours per week in four groups (none,1, 1–2,
and 3). No physical activity was given the value 1,1hour value 2, 1–2 hours value 3,
and 3 value 4, and a summary score of physical activity was computed multiplying the value
of hard physical activity by two, and adding light physical activity, yielding a continuous score
ranging from 3–12. Alcohol consumption was defined as number of alcoholic units consumed
per fortnight and categorized as1, 2–5 and6. Cohabiting was defined as being married or
living with a partner, as opposed to being unmarried, widowed, separated or divorced. Highest
achieved education was categorized as compulsory school only (up to ten years), high school
and higher education (college or university).
Statistical methods
A total of 220 (1.0%) persons had missing responses on the question assessing diabetes. These
were classified as not having diabetes. A total of 128 (0.6%) persons had valid responses on 5 of
the 7 items on HADS-d, while 2064 (8.3%) had valid responses on 6 of the 7 items. These per-
sons were given imputed values based on the mean value of the non-missing responses. Miss-
ing values on any of the confounding factors were handled as follows in the final regression
analysis: 1) imputed mean value on physical activity if valid response on the other item regard-
ing this topic (n = 784 (4.1%)), 2) missing as separate category on variable alcohol consump-
tion (n = 496 (2.6%)), and 3) exclusion of cases with otherwise missing values (n = 321 (1.7%)).
Sample characteristics were examined with descriptive statistics. Logistic regression analyses
were used in a cross-sectional design to examine the association between diabetes (independent
variable) and depression (dependent variable). Effect estimates were given as OR with 95%
confidence intervals. Stratified analyses by age groups were performed to examine the effect of
diabetes on the three measures of depression. To test for possible differences in the effect be-
tween age groups, we included an interaction term between age group and diabetes in the
model. We then examined the association between the three different types of antidiabetic
treatment and the three depression variables among persons aged 40–47 years and 70–72
years. For persons aged 40–47 years, we conducted a sensitivity analysis examining the associa-
tions between the three depression variables and antidiabetic treatment further categorizing
orally treated diabetes in orally treated diabetes monotherapy and insulin and orally treated di-
abetes. Presence of a statistical significant association between both diabetes and depression
(HADS-d8 and/or use of antidepressant agents yesterday) were examined for the covariates
Depression in Diabetes by Age
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selected a priori for persons aged 40–47 years. Covariates with statistically significant associa-
tions with both diabetes and depression were considered confounders and included in the final
model when examining the association between the three different types of antidiabetic treat-
ment and depression defined as HADS-d8 and/or use of antidepressant agents among per-
sons aged 40–47 years. A flow chart illustrating inclusion and exclusion criteria and the study
samples included in various analyses are presented in Fig 1. All statistical analyses were per-
formed using SPSS version 20.
Ethics
The study protocol was approved by the Regional Ethics Committee of Western Norway. Writ-
ten informed consent was obtained from all participants at the time of the health examination.
Results
Considering both age-groups, 67 of 353 persons with diabetes (19.0%) reported HADS-d8
and/or use of antidepressant agents. Relative to the non-diabetic population, this gave an over-
all age and gender adjusted OR of 1.69 (95% CI: 1.28, 2.22). When stratifying by age-group, sig-
nificant associations between diabetes and all 3 measures of depression were found for persons
aged 40–47 years, while the associations between diabetes and any measure of depression in
the age group 70–72 years were lower and not statistically significant (Fig 2). However, the
Fig 1. Flow chart. Inclusion and exclusion procedures in the Hordaland Health Study (HUSK), and study samples included in the various analyses.
doi:10.1371/journal.pone.0127161.g001
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differences in the OR’s between the two age groups were not significant when interaction terms
were included in the model (p 0.05 for all measures, data not shown). Mean duration of dia-
betes was 15 years both for persons aged 40–47 years and 70–72 years.
As shown in Fig 2, OR for HADS-d8 and/or use of antidepressant agents for persons with
diabetes in their forties was 1.96 (95% CI: 1.35, 2.83), while the corresponding OR for persons
in their seventies was 1.44 (95% CI: 0.96, 2.15). Analyses stratified by gender revealed no gen-
der differences in the outcome within the same age group. In the age-group 40–47 years, OR
for men and women were 1.65 (95% CI: 0.94, 2.90), and 2.25 (95% CI: 1.28, 3.67) respectively
(interaction term: p = 0.42). Among the 70–72 years the corresponding ORs were 1.58 (95%
CI: 0.88, 2.83) for men and 1.32 (95% CI: 0.76, 2.31) for women (interaction term: p = 0.67).
No significant associations between any type of antidiabetic treatment and any measure of
depression were found among persons aged 70–72 years (Table 1). Compared to those without
diabetes, persons aged 40–47 years with un-medicated diabetes had an increased OR of 2.33
(95% CI: 1.07, 5.07) for use of antidepressant agents, while no association was found with
HADS-d8 and/or use of antidepressant agents (Table 1). Oral treatment of diabetes was sig-
nificantly associated with all three measures of depression, the strongest association was found
with use of antidepressant agents with an OR of almost five. Conducting a sensitivity analysis
by further categorizing persons aged 40–47 years using oral antidiabetic agents in those using
Fig 2. Associations between depression and diabetes by age in the Hordaland Health Study (HUSK).OR with 95% confidence intervals (vertical bars),
adjusted for gender. Numbers in brackets represent number of persons with diabetes relative to the number without diabetes.
doi:10.1371/journal.pone.0127161.g002
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oral antidiabetic agents in monotherapy and those using the combination of insulin and oral
antidiabetic agents did not markedly change the results for the group using oral antidiabetic
agents in monotherapy. As all three patients receiving the combination of insulin and oral anti-
diabetic agents reported HADS-d8, no estimate could be calculated for this group (S1
Table). No significant associations with any measure of depression were found for insulin
treated diabetes.
For persons aged 40–47 years, all the a priori identified potential confounding factors were
associated with depression defined as HADS-d8 and/or use of antidepressant in the crude
model (data not shown). As the distribution of musculoskeletal pain, smoking and cohabiting
did not differ significantly by diabetes status (p-level of 0.05) (Table 2), only BMI, physical ac-
tivity, alcohol consumption and education were regarded as confounders for the association
between diabetes and depression, and included in the final model.
Table 3 shows associations between diabetes and depression (HADS-d8 and/or use of an-
tidepressant agents) stratified by antidiabetic treatment and with adjustment for the confound-
ers, one by one and combined. BMI was associated with the strongest attenuation of the effect
with a reduction of OR from 3.79 to 3.16 for orally treated diabetes and from 1.53 to 1.34 for
un-medicated diabetes. After adjustment for all confounders, the association between orally
treated diabetes and depression remained significant (OR 2.92 (95% CI: 1.48, 5.77)).
Table 1. Associations of variousmeasures of depression by antidiabetic treatment for persons aged
40–47 years and 70–72 years in the Hordaland Health Study (HUSK).
40–47 years (n = 18948) HADS-d8 Antidepressant
agents
HADS-d8 and/or
antidepressant
agents
n (%) OR (95% CI)* n(%) OR (95%CI)* n(%) OR (95%CI)*
No diabetes (n = 18773) 1795 1 (ref) 589 1 (ref) 2192 1 (ref)
(9.6) (3.1) (11.7)
Un-medicated diabetes
(n = 97)
12 1.35 (0.74,
2.48)
7 2.33 (1.07,
5.07)
18 1.50 (0.87,
2.56)
(12.4) (7.2) (16.5)
Orally treated diabetes
(n = 42)
10 2.86 (1.40,
5.83)
5 4.79 (1.86,
12.35)
14 3.76 (1.98,
7.16)
(23.8) (11.9) (33.3)
Insulin treated diabetes
(n = 36)
6 1.87 (0.78,
4.50)
1 0.92 (0.13,
6.75)
6 1.51 (0.63,
3.63)
(16.7) (2.8) (16.7)
70–72 years (n = 2897)
No diabetes (n = 2719) 274 1 (ref) 107 1 (ref) 349 1 (ref)
(10.1) (3.9) (12.8)
Un-medicated diabetes
(n = 78)
11 1.47 (0.77,
2.81)
5 1.68 (0.66,
4.26)
15 1.62 (0.91,
2.88)
(14.1) (6.4) (19.2)
Orally treated diabetes
(n = 87)
9 1.03 (0.51,
2.08)
5 1.51 (0.60,
3.81)
14 1.31 (0.73,
2.34)
(10.3) (5.7) (16.1)
Insulin treated diabetes
(n = 13)
2 1.62 (0.36,
7.36)
1 2.05 (0.26,
15.96)
2 1.24 (0.27,
5.60)
(15.4) (7.7) (15.4)
*adjusted for gender
doi:10.1371/journal.pone.0127161.t001
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Discussion
In the present study of a large sample of participants from the general population, we found
that persons in their seventies with diabetes had little increased prevalence of depression, while
those in their forties with diabetes had about twice as high prevalence of depression relative to
persons without diabetes in the respective age group. Further, persons in their forties with un-
medicated diabetes reported no increased prevalence of symptoms of depression, but neverthe-
less had approximately twice the prevalence of use of antidepressant agents compared to per-
sons without diabetes. Persons in their forties with orally treated diabetes had about three and
five times higher prevalence of depression measured by symptoms and use of antidepressant
agents, respectively. We found that as much as one third of the persons using oral antidiabetic
agents either reported symptoms of depression/and or using antidepressant agents. This is
within the range of the estimated prevalence of depression among persons with diabetes type 2
Table 2. Distribution of covariates by diabetes status for persons aged 40–47 years in the Hordaland Health Study (HUSK).
40–47 years (n = 18948) Diabetes (n = 175) No diabetes (n = 18773) p-value*
N (%) N (%)
Sex (% women) 93 (51.3) 10457 (55.2) 0.59
Missing 0 (0) 0 (0)
Muskuloskeletal pain 87 (49.7) 8018 (42.7) 0.18
Missing 1 (0.6) 123 (0.7)
Smoking
No 62 (35.4) 6143 (32.7) 0.72
Former 52 (29.7) 5336 (28.4)
Current 61 (34.9) 7276 (38.8)
Missing 0 (0.0) 18 (0.1)
BMI
 19.9 2 (1.1) 769 (4.1) <0.01
20.0–24.9 46 (26.3) 8812 (46.9)
25.0–29.9 62 (35.4) 7165 (38.2)
30.0 65 (37.1) 2001 (10.7)
Missing 0 (0.0) 26 (0.1)
Physical activity§ 7.2 (6.8, 7.6) 7.7 (7.7, 7.8) <0.01**
Missing 3 (1.7) 170 (0.9)
Alcohol units pr 14 days
1 85 (48.6) 6264 (33.4) <0.01
2–5 38 (21.7) 5792 (30.9)
6 40 (22.9) 6233 (33.2)
Missing 12 (6.9) 484 (2.6)
Education
Less than high school (up to ten years) 51 (29.1) 3329 (17.7) <0.01
High school 73 (41.7) 8488 (45.2)
College or university 48 (27.4) 6805 (36.2)
Missing 3 (1.7) 151 (0.8)
Cohabiting 123 (70.3) 14036 (74.8) 0.18
Missing 0 (0) 0 (0)
*Pearson Chi-square test
** Independent sample t-test
§Mean on a scale from 3–12 (95% CI)
doi:10.1371/journal.pone.0127161.t002
Depression in Diabetes by Age
PLOSONE | DOI:10.1371/journal.pone.0127161 May 26, 2015 8 / 15
Table 3. Crude associations between depression and diabetes and depression and the confounders for persons aged 40–47 years, and associa-
tions between diabetes and depression adjusted for confounders in the Hordaland Health Study (HUSK).
40–47 years
(n = 18627)
No
depression
(n = 16499)
Depression HADS-
d8 and/or
antidepressant
agents (n = 2178)
N (%)
Crude
OR*
(95%
CI)
Adjusted
for BMI*
OR (95%
CI)
Adjusted
for physical
activity*
OR (95%
CI)
Adjusted for
alcohol
consumption*
OR (95% CI)
Adjusted for
education*
OR (95% CI)
Adjusted for
BMI, physical
activity, alcohol
and education*
OR (95% CI)
N (%)
No diabetes (ref) 16313 (99.2) 2144 (98.4) 1 (-) 1 (-) 1 (-) 1 (-) 1 (-) 1 (-)
Un-medicated
diabetes
80 (0.5) 16 (0.7) 1.53
(0.89,
1.61)
1.34 (0.78,
2.30)
1.39 (0.81,
2.40)
1.43 (0.83, 2.45) 1.44 (0.84,
2.47)
1.18 (0.68, 2.04)
Orally treated
diabetes
26 (0.2) 13 (0.6) 3.79
(1.94,
7.39)
3.16 (1.61,
6.20)
3.71 (1.89,
7.31)
3.42 (1.75, 6.69) 3.53 (1.80,
6.91)
2.92 (1.48, 5.77)
Insulin treated
diabetes
30 (0.2) 5 (0.2) 1.26
(0.49,
3.26)
1.20 (0.46,
3.09)
1.21 (0.47,
3.15)
1.14 (0.44, 2.94) 1.18 (0.46,
3.05)
1.04 (0.40, 2.73)
BMI
19.9 645 (3.9) 112 (5.1) 1.52
(1.23,
1.89)
1.53 (1.23,
1.89)
1.50 (1.21, 1.86)
20.0–24.9 7833 (47.6) 898 (41.2) (-) (-) (-)
25.0–19.9 6280 (38.2) 828 (38.0) 1.14
(1.03,
1.27)
1.14 (1.03,
1.26)
1.09 (0.98.
1–21)
30 1691 (10.3) 340 (15.6) 1.75
(1.52,
2.00)
1.71 (1.50,
1.97)
1.47 (1.28, 1.69)
Physical activity
Pr unit increase
Highest level
compared to
lowest
0.86
(0.84,
0.88)
0.86 (0.84,
0.88)
0.88 (0.86,
00.89)
Alcohol
consumption
(units pr 14
days)
1 (ref) 5313 (32.2) 878 (40.3) (-) (-) (-)
2–5 5198 (31.6) 544 (25.0) 0.63
(0.56,
0.70)
0.63 (0.56, 0.71) 0.69 (0.61, 0.77)
6 5545 (33.7) 677 (31.1) 0.71
(0.64,
0.80)
0.72 (0.64, 0.80) 0.81 (0.72, 0.91)
Missing 393 (2.4) 79 (3.6) 1.21
(0.94,
1.56)
1.20 (0.94, 1.55) 1.22 (0.94, 1.57)
Education
Less than high
school
2790 (17.0) 536 (24.6) (-) (-) (-)
High school 7481 (45.5) 1006 (46.2) 0.70
(0.62,
0.78)
0.70 (0.62,
0.78)
0.78 (0.69, 0.87)
College or
university
6178 (37.6) 636 (29.2) 0.53
(0.47,
0.60)
0.54 (0.47,
0.61)
0.64 (0.57, 0.73)
*Adjusted for gender.
doi:10.1371/journal.pone.0127161.t003
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in the recent systematic review of the epidemiology of depression and diabetes [16], and con-
trasts the corresponding proportion in the non-diabetic population of 12%. Finally, the associa-
tion between diabetes and the combined measure of depression could not be fully explained by
the confounding factors BMI, physical activity, alcohol consumption and education.
The main strength of the study is use of data from HUSK, a large, comprehensive and well
conducted community based study. Important limitations are possible selection bias due to an
overall participation rate of 66%, and self-reported information, as well as to low power to de-
tect significant differences between age groups and types of treatment. Further, persons with
severe psychiatric or somatic diseases are less likely to participate in health surveys [22], in par-
ticular, a higher prevalence of diabetes and psychiatric disorders was found among non-partici-
pants relative to participants in a large population based Norwegian study [23]. However, this
is more likely to underestimate the prevalence estimates of the diseases rather than reducing
the validity of measures of associations between the diseases [22]. Finally, when interpreting
the associations adjusted for identified confounders, we cannot exclude bias due to residual
confounding.
It has been argued that one should assess both symptoms of depression and use of antide-
pressant agents when estimating overall prevalence of depression to avoid possible misclassifi-
cation of persons without elevated symptoms of depression as non-depressed due to effect of
antidepressant treatment [24]. Even though antidepressant agents most often are prescribed
for depression, it can also be used in treatment of anxiety, post-traumatic stress disorders, eat-
ing disorders and neuropathic pain, thereby reducing the specificity of our measure of depres-
sion. Nonetheless, we might misclassify persons with depression now in remission due to
psychotherapeutic treatment, as we did not have information on whether participants had re-
ceived this treatment. A recent systematic review on screening tools for depression among per-
sons with diabetes found that HADS-d is frequently used in screening for depressive
symptoms in diabetes [25]. The authors argued that due to the exclusion of items that could be
confounded with symptoms of poorly regulated diabetes, HADS-d was likely more valid in dia-
betic populations than other commonly used screening tools for depression. Nevertheless, as
with several of the other screening tools evaluated, HADS-d was found to give a relatively high
rate of “false positive” cases thus possibly overestimating the prevalence of depression. If per-
sons with diabetes are more likely than persons without diabetes to be misclassified as de-
pressed, our estimates are likely higher than the true association.
A validation study from the Netherlands comparing self-reported information on different
cardiovascular diseases and their risk factors with information frommedical records concluded
that self-reported information on diabetes is valid [26]. Nevertheless, the sensitivity of a self-re-
ported diagnosis of diabetes is considered modest, ranging from about 60% to 70% [18]. If mis-
classification of persons with diabetes as non-diabetics is independent of caseness of depression,
we likely underestimate the true association between diabetes and depression. Further, we did
not have specific information on whether a person had type 1 or 2 diabetes. Still, we argue that
as groups, those treated with insulin and no oral antidiabetic agents can be considered having
type 1 diabetes, whereas those treated with oral antidiabetic agents, irrespective of use of insulin,
and those not receiving medication can be assumed to have type 2 diabetes [27]. Other studies
in the field of diabetes epidemiology have also relied on this assumption [28]. Nevertheless, the
estimates of the association between depression and type of diabetes should be interpreted
with caution.
Our results indicate that increased prevalence of depression for persons with diabetes is
most evident for those treated with oral antidiabetic agents. This contrasts with the results
from a comprehensive study from Taiwan using diagnostic codes from a national health insur-
ance database in a rather complex prospective design. The study found an increased risk of
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depression among persons with type 2 diabetes not using medical treatment and no increased
risk of depression among those treated with metformin and sulfonylurea [14]. The same re-
search group has also shown related beneficial effects of medical treatment with regard to pos-
sible increased risk of both Parkinson’s disease and dementia among persons with type 2
diabetes. [29–30]. These beneficial effects on the risk of depression exclusively among persons
treated with oral antidiabetic agents are in sharp contrast with results from other studies. The
cross-sectional Multiethnic Study of Atherosclerosis found increased symptoms of depression
to be associated with treated type 2 diabetes (OR crude model: 1.57 (95% C.I.: 1.27, 1.96)),
while no association was found with both un-medicated diabetes and with impaired glucose
tolerance [12]. Finally, the Nurses’ Health Study examined the association in a prospective de-
sign, finding that persons with dietary and orally treated diabetes had an approximate similar
increased risk of depression of about 40% [13], while the prevalence of both major and minor
depression were fairly equal among persons with dietary and orally treated diabetes at baseline
in the Pathways Epidemiologic Study [15]. The risk of depression according to type of treat-
ment for diabetes remains complex, and future studies should address this concern.
Most studies investigating the risk of depression among persons with diabetes provide age-
adjusted estimates, thus concealing potential variations in risk according to age. Other studies
have evaluated the effect of age more indirectly. In a mixed sample of diabetes type 1 and 2 in
Ireland, older age was found to be protective of symptoms of depression [31], and the Path
Through Life Study comparing risk factors for depression in cohorts of persons in their forties
and sixties found presence of diabetes to predict depressive symptoms only among those in
their forties [32]. Covering the complete Norwegian population using medication as a proxy
for disease, we have previously shown that the risk of depression when using oral antidiabetic
agents is highest for persons in their thirties and markedly decreases with increasing age [27].
Moreover, a community based study of approximately 500 persons with type 2 diabetes aged
21 to 80 years found younger age to be independently associated with higher levels of depressed
affect [33], while a study using data from the Behavioral Risk Factor Surveillance System
showed that the prevalence of both major depression, major and minor depression and symp-
toms of depression were highest in age group 30–39 and 40–49 [34]. Further, a study using di-
agnostic codes from a national health insurance database in Taiwan found that the relative risk
of incident depression in persons with diabetes, relative to the non-diabetic group, was highest
among those less than 35 years [35]. Consistent with these observations, the findings from the
present study show that younger age is a risk factor for depression in persons with diabetes.
The lower risk of depression among older persons with diabetes relative to those younger could
be attributed to psychological mechanisms, such as increasing experience with how to manage
and cope with illnesses with age. Additionally, the reference group consisting of persons with-
out diabetes may have higher prevalence of other chronic diseases in the oldest age group, thus
reducing the possible “stigma” associated with having a chronic disease such as diabetes at
older ages.
We can further only speculate why persons in their forties using oral antidiabetic agents
have increased prevalence of depression, even after adjustments for BMI, physical activity, al-
cohol consumption and level of education. One possible explanation is that treatment with oral
antidiabetic agents itself can cause depression; however, we find no support for this in the liter-
ature. Second, as we did not have information on level of HbA1c in this study, one possible
proxy for severity of the disease is type of antidiabetic treatment. If we assume that those treat-
ed with oral antidiabetic agents have a disease that is more difficult to treat than those who suc-
cessfully manage their diabetes with lifestyle interventions, one might argue that persons with a
more difficult to regulate diabetes have a higher risk of depression compared to those with easi-
er manageable diabetes. This is in agreement with previous studies finding depression to be
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associated with higher levels of HbA1c [36]. Further, there is convincing evidence that the asso-
ciation between diabetes type 2 and depression is bidirectional, and that the association is even
stronger when considering depression as the exposure and diabetes as the outcome in prospec-
tive studies [13,35,37]. If we assume that persons with depression are more frequently seen by
physicians, they might be more likely to be diagnosed with diabetes compared to persons with-
out depression, particularly since it is estimated that up to 50% of diabetes cases may be undi-
agnosed [2]. Moreover, when persons struggling with depression are diagnosed with type 2
diabetes, they might be more likely to receive medical treatment if the physician decides that
change of lifestyle is too difficult to achieve, possibly explaining the increased prevalence of de-
pression only among those with diabetes treated with oral antidiabetic agents. In addition, one
recent meta-analysis and one systematic review conclude that use of antidepressant agents is
associated with increased risk of incident type 2 diabetes [38–39]. This is in agreement with
our finding of an association between un-medicated diabetes and use of antidepressant agents,
and that the strongest association found in our study was between orally treated diabetes and
use of antidepressant agents.
Finally, one could hypothesize that younger age is a risk factor for depression among per-
sons with diabetes due to shared etiology. Increased incidence of diabetes type 2 has been
found for persons with low socioeconomic status, an association partly mediated by low grade
inflammation [40]. If persons exposed to psychological stressors are more prone to develop
chronic diseases at an earlier age [41], it might explain why younger persons with type 2 diabe-
tes have higher risk of depression, poorer glycemic control and self-reported health compared
to older persons with diabetes [42].
This study has limitations related to the cross-sectional design, the relatively low number of
cases and lack of clinical data such HbA1c and number of complications. Nevertheless, the re-
sult points to the need of future prospective studies aiming at identifying factors associated
with the increased occurrence of depression among young persons with diabetes treated with
oral antidiabetic agents. From a public health perspective, it is important to target possible pre-
ventive strategies to reduce the prevalence and impact of depression comorbid to diabetes.
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